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Effect of Coal Interaction on Coke Strength

Seiji SAKAMOTO and Katsutoshi IGAWA

Synopsis

: To investigate the mechanism of coal interactions for the coke strength, the coke strength for various binary blends was measured. The inter-

action coefficient a(i, /) for coke strength in equation (1) is defined using S(i, j), the strength of the combination of two different coals, i and 7

and S, the averaged strength of coal i and coal ;.
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The interaction coefficient a(j, j) increases with the difference of softening point ATsp and shows its maximum at the resolidification point

ATrs of two constituent coals, about 30°C. These changes of the interaction coefficient, a(i, j) were explained by change of coke porosity.

Then, the change of coke porosity is caused by the changes of dilatation and contraction.

For the process control of the coal blends, the interaction coefficients were correlated to the rank (reflectance of vitrinite (Ro)) and fluidity

(Gieseler fluidity (MF)) of the constituent coals and the differences in these properties. A method of estimating coke strength based on the

coal interaction has been used in coal blending design at coke plant.

Key words: coal; coke; interaction; coke strength; dilatation; contraction.

1. ¥E

DREOBHHER, FMEDLICHRSE» S LEEKE
DFEREKEE®AL, ThoDRKABRALTI— 2 2 44l
BLTWS, ZO=0EMEROAR 4 ABENIZRAT 5
BEBBH), ThETIZEL DI — 7 ABEHEESIEE
ENT0B, ARABEALTEBONL I~ 2DMKE
MG R 2 T 2 BHIRIRD 0 — & 286 OINEFy &
KESELDIHENRD D, MK RFEOHAE T
W ZDEBPE AN, FERERER & SRR IR DM A TIdE
MRESBD, ZOXD BMEMES S XL 3BT HFER
DHBEEHVDOIEAMRE L THISA TS+, =
DHBEREZE L -mEHEN s K OMEER% &%)
WA L - RRBCABREHE 2, Stk ohs@mEr =
Abhd,

MAFHAEZERL -3 — 7 2BHEORAIL, Mer-
rick iZCE D BRNCHME TN T 3B, LEWEEA 2 — 2 X
E2RMEOMACDELSE Ra L, F—REMOML 1
B & BRI OMAEERE DO SHATOMEEWETL
WIBCA T -7 2DBEAHFET B HETH 5, BRI
MAHREOME % EERIIKD T34, INEEL» 6D X
LREELTERILTAITIZRRES>Th AL, #5113
Merrick D& A J % 2 — 7 2D CO, KIG %3 & (CSR) D H#E

FEIZISA L, CSRIZK T 3HEEADERLIZONWT, &
HIRREILDOFX —€ 57— 75 2 b A — 2 — O &
BOENOHET D HEARELTVBY, —F, ¥
LB A T — 2 X DK % Merrick & FI#E, 25300
HAEDEALRAL, 2REOMAY I~ 2 2D HE 4
BB AIRD X — 2T —T 5 2 b A — 4 —DEAKEE
(MF) OINEFIME, % $6WBCA IR O B ML I8 B o & F
PHE, B XOBRL T3 2 RER O BLISE % THET
BHBERELTHEY, Z0Mlcg 23— 27 288 LK
ISR, BRI, BIEXEH 'Y 12OV TORRE
BOMAERP#HEG T3,

N5 DRERDOHIFIT RRFER O M A ¥ RO 8 DO HeE
EEHNE LTEYD, SEAROMA SO Z ks
TEBV, AREAHRI AT L TORKOMA &0 BEIR
12X 3488 2 B 2 I3 BRERROMA O EERD
M A KRE 22 ERBILT B L WV EIZLS, 22T,
FE O II 2K FEDOMACHRE & & 4 O BRI O EIE &
DEIZKHT 2 HEKBEOFIYHE L O+ HEERGRYK
a(i,j)y EFEE L7z, a(i,)) $EEERAEREMAE-BO
MAEROAZ S #HMAMIZZTRETH D, MEMERE
BAEMBIZHET 52 2T, GIREEAHRIT4TS Lo
MOMAERRLRIROIEHABEZ N TE B,

ABTIE, SO 2RMEA AV T ERE TV,

TR 128 H31 AR P 12412 H 7 H52H (Received on Aug. 31, 2000; Accepted on Dec. 7, 2000)
* IRk () BTBTAT (Technical Research Laboratories, Kawasaki Steel Corp., 1 Kawasaki-cho Chuo-ku Chiba 260-0835)
* 2 I BIgk (BR) FEHiFZEAT (Technical Research Laboratories (Mizushima), Kawasaki Steel Corp.)

34

e ————




Characteristics of coal

Coking property

a— 2 2EEICE JETREBMOBERROEE

Structure of coke

Melting range N
Softening point
Tsp

Fluidity
MF

Dilatation
Ll 400~500°C

Resolidification
point Trs

Reflectance
Ro

Contraction
500°C~

L

LCoke strength]

——
T
=

- Interaction for

e

coke strength

a— s ZABEICBET AMEAERGE S el 2, X
72, 3 — 2 AR OB AER RO RKFEIRFMY & BRETT 5
729, WALB RSO KR & BEML#%ODE'S, [ILED
OB ARG A S L 72, BlA T 2 0K 0O Rl T
DOXVIZER L THEFEH RHETEEL6N 5720,
ARBLRFE RO XL & O CHE RSO E &1L % BEt
L7z, X512, 2Rh6DHMEAL S ER L 72 ik FEE M A
HizESWa—2 28EHETFAL D IZDNTEBAN
5.

2. REROBEER

Fig. | IZAROKILEBEH O LU0 -2 XK
DELIZ RIE T REROMEEROREICE T e %
A, WALARGEMEMO B LR EEAT S L, BEA
ROBE - IHEZEENIE 4 O AR RO FRy 25 %8 & (3
KoY, O—2 ADORERE, XL, BRELEOV
FU w2 AREESENLLTCIhEDFERELTI -2 A5
ERETIEDEELOND, T I CEFHRLER» D
DO ADELEHEFEAE LTERLI— 2 AMEORMA
e, 32— 2 AKILEOMBEMER, B XOHROEEK LI
FEO R HAEFH & 8L FE REELE FEI oD RE i 2 B AR & BRET L
TZDERILERAT,

2.1 HEERAFRHROEA

Fig. 2 IZ3FEACA OB AR & 512, BAKZ 2KED
HAE CTHRRT 5EOKRE U TFHE§ 5 Merrick D FIEIC,
2RFER O EAEF ORI 2k E & & 2K THEAENR
BaG, ) #FIZEAL R,

Merrick & IR LT DRE & FVy 72, BUA RN T IR
KIRFEILISEAERET B EIET B, I— 2 ABEBSE TN

TO2REOEATBEOMEFEIHEL (1) XD K10

KL RO 2 RFERB DR SG,j) & &% DRRDELEHEDHM
5 I5 B EEEER () TERT. BREOMAEEE
SG, ) 10, ) U DOE IR DO EEZTEOVERET S,
N /
=1 i

> rr(j) G, )

J=1

S=

i

35

Bonding between coal B and C

Fig. 2. Combinations of two constituents in blends.
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Fig. 3. Definition of S(i, /).
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S(i, j): coke strength of combination of coal ‘i—j’
S(i, i): coke strength of single coal (i)

a(i, j)=

239 I




$x & 4H  Tetsu-to-Hagané Vol. 87 (2001) No. 5

g x

52 ﬂ”

S g

[a) g Interaction

oa

5S¢ r X = r(XGi) + rGIXGJ)

58 XG

? ®

2t

S & !

©o 9 50 100

100 50 0

Coal j Coal i

Fraction(%)

Fig. 4. Measurement of interaction by binary blends.
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X(i, i): coke strength, totall dilation, contraction or porosity of
single coal

3. XBRFE

AR T — 2 213 0100mmD B3 2IFICHKAFTELC
AOkgHZBIFCHE L THKk T -2 28 X2/ AT — 2
Z kL7, ARIZRoA08~1.7, MFA 4.1 LI FOREN %
235 & 7=, 2FERD A RRBRIZEC A K & 50/50 THME L
72o D — 0 ZBEOHFAEROFEMIZ DV TIE, Table 112
AT LT =0 ZIFOREDOEAIZHO SN B HROHM
AR EIXIMET 2540 2R ARELE, -2 20K
FLROMHAEHOFHEIX 13/ 0 2 Rl ARBR THIEL 72,
E oI, RRDOMEMFIZ I 5 I8R & WHED M HAEF DR

36

Table 1. Combinations of coals.

Ro(i)
0.8-1.0 (1.0-1.2 |1.2-14 {14-1.6 | 1.6~
0.8-1.0 5 13 5 10 3
1.0-1.2| — 3 3 4 2
.g 12-14f — | — 0 0 1
1416 — - - 2 2
1.6~ - - - - 0
Table 2. Experimental conditions.
Test coal Ro:0.8~1.7. MF: <4.1 (23 kinds)
Binary blend 54 combinations (50/50)
Coal size —3mm
Moisture content | gq,

Carbonization  I"Bylk density 0.75g/cm3( ¢ 100mm X 250mm)

750C ~—» 750C —> 1050°C
2h 1.5h

Heat pattern

I type drum index (20rpm,600rev.,+3mm)

st h
Coke strengt Coke size (15~20mm,200g)

C i —
Dilatation oal size 149 um
Heating rate | 5°C/min
Coal size —420 ym
Contraction Heating rate | 3°C/min
Sample size ¢ 8mmX8mm
Sample size | 20~30mm(n=8)
Porosity P,
Por = (1- yX100
P
o o+ apparent density in Hg bath
o : true density
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Fig. S.

60 /

Por.obs.(%)

50 | /

o

45 50 55 60
Por.ave(%)

Fig. 6. Comparison of average porosity with observed one
by combinations of coal rank, @: binary blends of

same rank coal, O: binary blends of different rank

coal.
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Fig. 7. Comparison of average value of dilation and mea-
sured one.
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Fig. 8. Comparison of average value of contraction and
measured one.
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Fig. 9. Schematic drawing of difference of Tsp and Trs.

MEEHEIZ AN THE L KT L7z, Fig 8 IZEKKC L
%ﬁﬁD%iﬁ:h%@2@EﬁﬁuﬁH6%%%@%%
BT AR U 72, BRRER & HORR A Bl e L7t
R O I I M E S & e ML .

5. BE
5.1 AROEESSICBEOHEEER

FRO KRR 12— AR ORI & VA RIRIE
MENERE AR L, R & 0 ERIBE RS R 5.
OB RELREARS LRA, ARVEBL T -7
ZAbF B BRI BV TE A D RROERRBEE RO X L1
HE L CHEER I RRT 80 EFELALND, £2T
X1 5 — AN EEATERIC B4 B EKILBRAAIRIE Tsp & FHEIL
B Trs 122WT Fig. 9 {IRT &I IZ2RMEIZH T D Tsp
DXL % ATsp, Trs D X L & ATrs & Z 2 HEHK L TR
L7,

WAE O A AR FAGR K d(i,j) & ATsp DBFR% Fig.10 i<,
Fig.11 12 d(i,j) & ATrs OBERERL 720 di,)) IERIL B A
ﬁﬁ@%mwk@@%ﬁ%@%mn@%MﬁWofﬁ9
L7 TbbARMBEHRO XL AR G E 2R
D AR I3 K 4 O BIR R ORI O ER A B a0
MEFEHEE LD D L, —HO AR ERIREES
BoTH ., MHOLRINERIKIE A WHERMTOHK

241




I 242

$% A Tetsu-to-Hagané Vol 87 (2001) No. 5

0
00
8 [¢)

-1 -OO o
= co S
<

-2 F o (o]

_3 1 L A 1 1

0 20 40 60 80 100 120

ATsp (°C)
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Fig. 13. Relationship between p(i, /) and ATsp.
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Fig. 14. Relationship between p(i, /) and ATrs.
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